UNCLASSIFIED 


Rep^todMced 
hf  th* 


ARMED  SERVICES  TECHNICAL  INFDRMAnON  AGENCY 
ARLINGTON  HALL  STAnON 
ARUNGTON  12,  VIRGINU 


UNCLASSIFIED 


NOTICE:  When  govexonent  or  other  dravlags,  specl- 
flcatloDB  or  other  data  are  used  for  asy  purpose 
other  than  In  connection  with  a  definitely  related 
govexuaent  procurenent  operation,  the  U.  S. 
Goveznment  thereby  Incurs  no  responsibility,  nor  any 
obligation  ^Aatsoever;  and  the  fact  that  the  Govexn- 
nent  nay  have  foznulated,  furnished,  or  In  any  vay 
supplied  the  said  dravln^,  specifications,  or  other 
data  Is  not  to  be  regarded  by  inpUcatlon  or  other¬ 
wise  as  In  any  naxmer  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  axty  rl^ts 
or  pexvlsslon  to  aanufacture,  use  or  sell  any 
patented  Invention  that  iMy  In  any  vay  be  related 
thereto. 


CA  \  rt  LUVj  Li)  b '/  hbm 


AIR  UNIVERSITY 
UNITED  STATES  AIR  FORCE 


11  L - 1 

SCHOOL  OF  ENGINEERING 

C^l 

WRIOHT-MniRSON  AIR  PORCI  RAfl,  OHI0 


I.IM 


THESIS 


Presented  to  the  Faculty  of  the  School  of  Engineering 
The  Institute  of  Technology 
Air  UniTersity 

in  Partial  Fulfillnent  of  the 
Requirements  for  the 
Master  of  Science  Degree 
in  Eleetricsl  Aigineering 


ALTITUDE  XNFOFMAFIOM 
and  TACTICAL  AIR  NAVIGATION 

by 

James  A*  Sehmitendorf 
Captain  USAF 


Graduate  Electronics 
Deoember  19^2 


Ar-wr<o^N  M  *• 


<X/EB/62~1S 


StaiMsa. 
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Abii£isi 

Inprorements  in  Air  Traffic  Control  elaetronies  arc  long  oTerduat 
partly  baoauaa  of  tha  costa  inrolrad  and  partly  because  of  disagraaaant 
between  tbe  agencies  affected*  One  of  the  aost  pressing*  ianediate 
problens  in  proriding  the  safe  flow  of  air  traffic  is  to  prowide  ground 
controlling  personnel  with  current  altitude  infomation  fron  each  aircraft* 

This  thesis  discusses  how  to  prowide  an  altitude  encoder  for  the 
private  or  business  aircraft  owner  who  can  least  afford  the  eoagplleated 
equipment  used  by  the  military  and  airlines*  Also  considered  is  a 
method  of  transmitting  the  encoded  altitude  to  ground  controllers  by 
means  of  superiiqposing  altitude  information  with  distance  measuring 
interrogation  signals* 

Two  altitude  sensing  instruments  were  considered  for  encoding*  A 
mercury  manometer  was  demonstrated  to  be  feasible  for  the  job  but  it 
was  mt  practical  due  to  its  large  size*  Tbe  standard  aneroid  altiiseter 
was  shown  to  be  both  feasible  and  practical  as  modified  to  serve  an 
additional  fOnction  as  an  encoder* 

A  Kbllsman  altimeter  was  modified  for  optical  altitude  encoding  at 
a  cost  of  approximately  $30*  A  digital  logic  circuit  was  devised  for 
transferring  the  altitude  information  to  a  military  Tactical  Air  Naviga* 
tion  (TACAN)  transmitter  axid  the  transmitter  was  modified  to  send  out 
altitwle  information  while  retaining  its  normal  distance  measuring 
Interrogation  function* 

Distance  Measuring  Equipment  (IXC)  was  chosen  as  a  transmission  media 
to  eliminate  a  need  for  *two*  1000  megacycle  transmitters  and  receivers 
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on  small  aircraft*  i*e*  one  for  SMS  and  one  for  a  radar  transponder* 

The  Ssderal  Ariation  Agency  presently  leans  toward  using  the  radsr 
transponder  for  altitude  transmission* 

This  thesis  has  provided  the  teehniauss  and  has  demonstrated  the 
feasibility  of  encoding  altitude  information  using  standard  aircraft 
e(iuipment  and  transmitting  such  information  via  the  IME  portion  of  TACAN* 
Thus  it  is  concluded  that  light  aircraft  can  be  included  in  future 
electronic  Air  Traffic  Control  iiquroTsments* 

James  A*  Sehmitendorf 
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I*  Intreduetion 

The  Med  for  etriot  aurrelllenee  and  eontrol  of  eirereft  under 
iMtrunent  flying  oonditioM  hen  long  been  obrioua  to  both  pilots  and 
eontrolling  personMl  on  the  ground*  Air  disasters  sueh  as  those  orer 
the  Grand  Canyon  and  Brooklyn  hare*  at  last*  made  the  preblesi  c^uite 
apparent  to  the  public*  This*  in  turn*  has  induced  Congress  to  spend 
more  ooMy  on  Vederal  Air  Traffic  Control* 

The  federal  aoTernaent  has  charged  the  federal  Ariation  Agency  (fAA) 
vith  the  respoMibility  of  air  traffic  control  in  the  United  States  and 
also  with  the  research*  derelopment*  and  standardization  of  the  scientific 
techniques  with  which  it  is  to  be  accoaplished*  InterMtionally*  these 
sane  functions  are  accoagtlished  by  the  International  CiTilian  ATiation 
Organization  (ICAO)* 

At  the  present  tios  air  traffic  control  is  aonitored  ower  a  strueture 
of  airways  (nuch  like  a  road  sap)  by  UHf  and  YHF  radio  tranaaissions 
between  pilot  and  controller  personMl*  The  eontrolling  personMl  reside 
in  a  cooplicated  network  of  Air  Traffic  Control  Centers*  Approach  Control 
facilities*  and  Airport  Control  Towers*  all  intereonMCted  by  telegraph 
and  tele^iOM*  The  basic  aids  which  are  used  by  the  pilot  to  detezalM 
aircraft  position  in  relation  to  airways  and  landing  facilities  are  radio 
beacoM  of  rarieus  kinds*  radio  oonrersatioM  with  radar  controllers*  and 
distance  ■easuriag  equlpaent*  The  ground  personMl  hare  at  their  disposal* 
the  airway  on  which  an  aircraft  is  flying*  periodical  reporta  froa  pilots* 
and  in  aost  cases  radar  with  which  to  follow  an  aircraft's  proiyess* 
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Although  the  system  outlined  might  seem  adequate,  the  advent  of 
more  and  more  aircraft  plus  their  greater  speed  and  altitude  have  made 
the  problems  of  air  traffic  control  an  exceedingly  difficult  ooe.  To 
add  to  the  perplexity  a  great  many  entities  must  be  in  agreement  as  to 
changes  in  air  traffic  control,  i.e.,  ICAO,  Congress,  FAA,  the  air¬ 
lines,  the  military,  the  private  aircraft  owners,  and  the  pilots  them¬ 
selves,  must  all  be  consulted  and  generally  satisfied  (Ref,  5)«  These 
are  some  of  the  reasons  why  the  modernization  of  air  traffic  control  has 
lagged  behind  the  technology  adequate  for  proper  control. 

It  was  realized  after  World  War  II  that  periodic  voice  transmitted 
position  reports  were  not  adequate  for  air  traffic  control,  especially 
in  terminal  control  areas,  and  the  use  of  radar  was  initiated.  At  about 
the  same  time.  Very  High  Frequency  Omni  Range  (VCR)  stations  began  to 
take  the  place  of  Low  Frequency  Radio  Ranges,  A  VOR  is  a  ground  trans¬ 
mitter  whose  signals,  when  received  hy  certain  airborne  equipment,  enable 
the  pilot  to  fly  an  aircraft  on  a  selected  magnetic  course. 

In  the  preceding  decade  the  radar  transponder  and  Tactical  Air  Navi¬ 
gation  facilities  (TACAN)  wen  developed,  A  radar  transponder  operates 
as  follows.  The  ground  controller  via  voice  connunications  requests  the 
pilot  to  select  a  certain  code  on  his  airborne  transponder.  The  ground 
station  then  initiates  an  electronic  interrogation  and  the  aircraft 
transponder  automatically  responds.  The  radar  surveillance  scope  displays 
a  series  of  bright  "bars"  near  the  target  interrogated,  TACAN,  on  the 
other  hand,  is  basically  a  navigation  radio  beacon  aid  much  the  same  as 
V0R|  however,  it  also  includes  a  transmitter  which  is  capable  of  interro¬ 
gating  the  ground  station,  measures  the  time  until  reply,  and  thereby 


2 


GB/ES/(>2~19 

datemliMS  distaoee  to  the  ground  beacon*  The  diatanoa  function  of 
TiLCAN  may  ba  a  diacrata  place  of  airborne  aquipmcntt  and  ia  knora  aa 
Diatanoa  Maaauring  Equipment  (DM).  It  ahould  ba  noted  in  paaaing  that 
an  aircraft  equipped  with  both  a  radar  tranapondar  and  DMB  haa  *two* 
tranaaiittara  in  the  1000  magacycla  range* 

Two  ayatama  are  under  daTalopoant  by  the  Itedaral  Ariation  Agancy'a 
National  Ariation  Facilitiaa  Erparimental  Canter  (NAIEC)  in  the  field  of 
altitude  talanatry*  One  of  thaaa  projacta  inclxidaa  a  oomplicatad  data 
link  ayatam  uaing  the  air  conminicationa  DHF  frequency  band  and  includaa 
aararal  other  air  traffic  control  functiona  in  addition  to  altitude 
ixiformation*  The  ayatam  ia  called  Automatic  Qround-Airboma  Coominioationa 
Syatem  (AGACS)  and  waa  daralopad  by  the  Radio  Corporation  of  America* 

Thia  ayatam  nacaaaarily  raducaa  the  frequency  apaotrum  arailable  for 
Toica  canaunicationa* 

The  aacond  project  ooncama  the  inoluaion  of  altitude  coding  with 
the  radar  tranapondar*  Thia  propoaed  project  ia  aa  aztenaion  of  the 
praaent  radar  tranapondar  ayatam  by  including  aa  altitude  diaplay  near 
or  directly  on  the  controller 'a  radar  acope*  The  diaadrantagaa  of  thia 
approach  nacaaaarily  include  the  diaadTantagaa  of  radar i  (l)  radar  ia 
ezpanaiTe  to  procure  and  maintain*  (2)  it  waa  baaically  coneeiTad  to 
detect  'unfriendly*  or  'uncooparatire*  aireraft  targata*  (3)  it  ia  often 
unable  to  diatinguiah  mnall  aircraft  or  aircraft  near  the  ground*  (4)  radar 
cannot  diatinguiah  tha  identity  between  two  targata  without  the  uaa  of 
other  radio  conainioatlona*  and  (5)  it  la  auaceptible  to  ataoapheric 
interference*  e*g*  thunderatorma*  It  ia  felt  that  there  are  more  economical 
and  ezpeditioua  methoda  arailable  for  performing  the  functiona  now  perfozmad 
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b]r  •urTtillanM  radar*  It  doas  not  aaaa  raasonabla  to  uaa  radar  if  a 
radar  tranapondar  la  alao  ra^uirad* 

Aa  aarly  aa  1956*  bafora  7AA  vaa  aatabliahad*  ttaa  Unitad  Stataa  Nary 
lat  a  eontraet  to  tha  Intarnatlonal  Talaptaona  and  Talagraph  Corporation 
for  tha  daTalopnant  of  a  data  link  ayatan  oueh  tba  aana  aa  AOACS  iMntionad 
praTloualy*  Thia  ayatam  vaa  to  ba  inoorporatad  with  tha  Taetieal  Air 
Narigation  ayatam  (TACAN)  whieh  thia  oorporation  had  davalopad  aarliar 
and  eana  into  vida  uaaca  in  1959* 

Baaaona  (othar  than  politieal)  aa  to  why  tha  TACAN  data  lidk  waa 
navar  aeeaptad*  aithar  by  military  or  ciTil  authoritiaa*  ara  difficult 
to  aatabliah*  Tha  author  haa  ooneludad  from  tba  litaratura  (Raf*  7) 
that  tha  only  taehnologieal  dafioianeiaa  of  tha  TACAN  data  link  prepoaal 
wara  tba  uaa  of  pulaa  poaition  amdulation  rathar  than  pulaa  eoda  modula- 
tion  and  tha  diaplay  of  tha  air  traffic  control  infonuttion  on  diala  and 
matara  rathar  than  a  cathoda  ray  tuba  or  aoopa* 

In  thia  briaf  introduction  an  attempt  haa  bean  made  to  familiarise 
tha  raadar  with  air  traffic  control*  Tha  firat  paragraph  anphaaisaa  tha 
iBBodiata  naad  for  proriding  aafa*  raliabla*  altitnda  information  to  tha 
controlling  aganoiaa  on  tha  pound*  Tha  purpoaa  of  thia  invaatigation 
vaa  to  build  aa  altitude  aacodiag  darioa  and  to  coaaidar  a  method  of 
tranamitting  the  information* 
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II«  The  Problem 

In  August  of  1962  the  author  rlslted  the  National  Ariation  Paoill- 
ties  Experimental  Center  (NAIEC)  in  Atlantic  City,  New  Jersey  to  obtain 
the  latest  derelopoants  in  altitude  telemetry  and  establish  a  precise 
thesis  topic.  Here  it  was  learned  from  Mr,  George  Mshnken  that  a  problem 
existed  in  reducing  the  cost  of  altitude  encoders  from  2000  dollars  to  the 
300  dollar  range.  Such  a  reduction  would  allow  not  only  the  air  carriers 
and  military  to  take  part  in  the  modernization  of  air  traffic  control  but 
also  the  private  aircraft  owners.  This  is  a  portion  of  the  chosen  problem, 
but  Instead  of  sending  altitude  information  to  the  ground  via  the  radar 
transponder  as  NAFBC  has  done,  the  author  has  chosen  to  use  TACiN  (Fig,  1), 
The  thesis  problem  can  be  stated  as  the  design  and  testing  of  an  econoeiieal 
low  altitude  encoder  and  the  multiplexing  of  this  information  with  the 
TACAN  distance  measuring  interrogation  signals. 

Few  assumptions  are  required  concerning  the  altitude  encoder  but 
soms  must  be  made  concerning  the  use  of  TACAN  for  a  transmission  media* 

It  must  be  assumed  that  "large,”  "fast,”  digital  computers  will  be  in¬ 
stalled  in  all  Air  Traffic  Control  Centers  in  the  near  future  for  the 
purpose  of  t  (1)  updating  and  predicting  flight  progress,  (2)  calculating 
collision  avoidance  information  plus  the  corrective  measures  required, 
snd  (3)  expediting  the  transfer  of  aircraft  between  air  traffic  control 
centers,  A  portion  of  these  functions,  the  updating  of  flight  progress 
strips,  is  already  being  handled  by  CNI7AC  computers  in  most  AFC  Centers, 

It  is  also  assumed  that  the  availability  of  current  altitude  and  a 

of  "other  functions*  can  be  manipulated  and  displayed  by  the  assumed 
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oonputer  to  effect  air  traffic  control*  The  worda  *other  functlona* 
refer  to  some  method  of  determining  which  aircraft  la  sending  which 
altitude*  This  is  not  part  of  the  thesis  problem  but  is  quite  necessary 
for  system  effeotiTeness  and  possible  solutions  will  be  discussed  in  the 
final  chapter  under  recomendations  for  further  study* 

The  last  part  of  this  ch^ter  tries  to  further  Justify  the  use  of 
TACiN  as  an  air  to  ground  comaninications  link*  First*  howsTer*  sane  of 
the  accepted  criteria  for  aircraft  comunications  equipment  design  will 
be  listed! 

1*  The  airborne  equipment  should  be  kept  as  economical  as 
possible* 

2*  The  airborne  equipment  must  be  singple  enough  to  permit 
high  reliability. 

3*  The  Tarious  using  agencies*  airlines*  military*  etc** 
must  all  be  consulted  concerning  design  proposals* 

4*  The  work  load  of  the  crew  members  can  not  be  greatly 
increased  or  complicated* 

3*  As  much  of  the  weight  and  rolums  of  the  equipment  as  possible 
should  be  kept  on  the  ground* 

6*  Any  standardization  established  by  ICAO  or  FAA  should  be 
incorporated* 

7*  The  design  should  utilize  arailable  equipsmnt  already  in 
operation  whenerer  feasible* 

8*  The  frequency  spectrum  is  already  orercrowded  and  little 
if  any  new  frequency  space  can  be  allocated* 

9*  NSW  equipment  must  be  integrated  into  the  ATC  system  without 
requiring  any  decrease  of  operations* 
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Th*  reaaonc  for  ohooaiog  to  ixieorporato  altitude  alguale  on  the 
distance  neasuring  signals  of  TACAN  sre  nov  listed  for  cosqperison  with 
the  abore  criteria > 

!•  The  modifications  to  the  airborne  EMB  and  the  ground  TACAN 
station  should  be  more  eeonoialoal  than  the  siailiar  modifi. 
cation  required  for  the  inclusion  of  altitude  in  radar 
beacon  equipment. 

2*  nelatiTely  few  changes  are  required  in  the  airborne  OME  to 
make  ntaziDum  utilization  of  the  existing  equipment*  and 
the  reliability  of  the  system  should  not  begpeatly  affected. 

3.  The  pilot  need  not  select  his  identity  code  as  required 
in  radar  beacon  transponders.  The  altitude  Infomation  is 
transmitted  from  the  aircraft  continuously  and  need  not  be 
requested  by  the  controller. 

4.  Distance  Measuring  Squlpmsnt  is  in  use  at  the  present  tins 
by  the  majority  of  military  and  air  carrier  aircraft  and 
is  becoming  snrailable  at  lower  prices  to  prirate  aircraft 
owners. 

This  chapter  should  hare  made  the  engineering  problem  clear.  l*e. 
to  first  consider  methods  of  encoding  low  altitude  information  in  an 
economical  manner  and  to  secondly  consider  a  modification  scheme  for 
sending  altitude  infomation  ftron  air  to  ground  multiplexed  with  TACAN 
Die. 
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III.  Encoding  Devices 

One  goal  of  this  thesis  is  to  select  an  economical  method  of 
altitude  encoding  for  low  flying  aircraft.  Using  the  ICAO  standardized 
"gray"  or  "hybrid"  code  at  5^0  foot  intervals  the  low  altitude  airway 
structure  (below  14«500  ft.)  can  bo  encoded  with  five  binary  "bits" 

(Table  1,  Chapter  5)«  complete  code  is  given  in  Appendix  A. 

Different  agencies  have  argued  for  100  foot  increment  encoding  but  this 
is  not  practical  for  the  following  reasons:  (1)  Pilots  do  not  maintain 
their  desired  altitude  exactly  but  may  deviate  by  as  much  as  100  feet. 

(2)  Low  cost  altimeters  are  relatively  inaccurate,  plus  or  minus  275  feet 
at  15,000  feet.  (3)  The  altitudes  flown  on  instrument  flight  plans  are 
always  thousands  of  feet  or  thousands  plus  3^0  feet  (e.g. ,  1000,  1500, 
2000,  2300,  etc.}|  therefore,  the  ground  controllers  would  have  no  need 
for  100  foot  interval  infonnation  except  possibly  to  obtain  a  more 
accurate  rate  of  change  of  altitude.  Considering  the  extra  equipment 
necessary  for  100  foot  interval  encoding  and  the  inaccuracies  cited, 

300  foot  intervals  seem  well  justified. 

With  interval  increments  decided,  attention  can  be  focused  on  the 
mercury  manometer  and  pressure  sensitive  aneroid  as  potentially  useable 
encoding  devices.  The  mercury  manometer  is  a  "U"  shaped  glass  tube  used 
to  very  accurately  measure  pressure  differentials.  A  single  tube 
version  and  sump  configuration  is  employed  by  weather  forecasters  to 
measure  changes  in  atmospheric  press\ire.  Pressure  data  is  gathered  and 
used  in  weather  forecasting  and  by  pilots  to  update  the  Kollsman  scale 
on  aircraft  altimeters.  Since  the  mercury  manometer,  or  barometer,  is 
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often  uMd  UM  •  source  of  eoeurate  pressure  zDsasureBients  an  inresti* 
gation  was  made  to  determine  if  an  airborne  altitude  encoding  derice 
of  this  type  would  be  feasible* 

By  placing  korar*  vires  through  the  glass  tubing  at  calibrated 
lerels  a  digital  encoded  meehaniam  is  readily  obtained*  Necessary 
encoding  circuits  include  a  grounding  wire  in  the  bottom  bend  of  the 
*n*  shaped  manmietert  an  astable  multiTibrator  to  excite  one  side  of 
all  the  horizontal  encoding  wires  and  five  *or*  logic  derices  using 
approximately  eighty  diodes*  In  operation  the  multiTibrator  oontpletes 
a  circuit  only  to  those  "or*  gates  connected  to  wires  aboTs  the  mercury 
level  in  the  tube* 

All  manoBteters  that  are  evacuated  conipletely  on  one  end  and  used 
to  measure  stmospheric  pressure  are  necessarily  at  least  30  inches  long* 
For  a  low  altitude  encoder  the  difficulty  of  excessive  length  may  be 
overcome  by  evacuatixtg  only  a  portion  of  the  encoding  side  of  the  glass 
tube  (to  approximately  one  half  atmosphere)  and  thereby  reducing  the 
tube  size  to  half  its  normal  length*  Such  a  procedure  would  decrease 
the  distance  between  the  ejacoding  vires  and  slightly  increase  the 
inaccxiraeies  of  the  smasurements*  Ih  order  to  vary  the  pressure  In  the 
measuring  portion  of  the  tube  for  daily  changes  in  pressure  the  volume 
of  the  airspace  above  the  mercury  column  may  be  changed*  This  method 
for  field  pressure  cozTeetion  would  work  in  much  the  seme  manner  as  it 


*  A  type  of  metal  lAioh  mercury  will  not  corrode  and  can  be  attached 
to  glass* 
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pr«s«ntl7  does  for  tho  aircraft  altiocter  and  could  aran  ba  meohanioalljr 
linkad  to  tba  altioatar  aattlag  corraction  knob*  Such  oorraotion  dcTloea 
■Ight  prora  to  ba  unnaeaaaairy  ainea  torn  afanciaa  would  pMfar  to  atand* 
ardiza  a  fizad  rafaranea  praaaura  of  29*92  inebaa  of  narcurjr  for  all 
altituda  aneodara* 

It  appaara  at  f Irat  that  a  oarcury  nanonatar  would  ba  highly  auacap- 
tlbla  to  Inaceuraclaa  dua  to  aircraft  rlbratlon  and  guaty  alrt  howaTar* 
4.ulta  to  tha  contrary*  a  flight  eonductad  on  4  Auguat  1962  In  C-ii?  Numbar 
49421  \iaing  a  nanonatar  without  ancodlng  wlraa  ahowad  no  rarlatlon  In  tha 
narcury  colunn  Tialbla  to  tha  nakad  aya*  aran  In  ralatlraly  turbulant 
air*  Tha  only  adraraa  affaet  notlcad  waa  a  pandulun  Ilka  fora  and  aft 
awinglng  action  at  a  vary  low  fraqueney*  It  abould  ba  notad  In  tha 
dlacuaalon  of  aocuraey  that  arrora  dua  to  altituda  gravitational  affacta 
and  capillarity  dapraaalon  can  ba  corraotad  by  propar  aeala  calibration 
and  plaoamant  of  tha  ancodlng  wlraa* 

Thia  laavaa  only  two  prlnclpla  aourcaa  of  error*  aeala  error  and 
imperfect  vacuum*  A  convaraatlon  with  a  aclantlfle  glaaa>blowar  at  tha 
Aeronautical  Reaaarch  Laboratory*  Wrl^t»Pattaraon  A7B  on  10  Auguat  I962 
ravaalad  that  tha  largaat  source  of  error  would  most  likely  ba  tha 
disturbance  to  the  inside  glass  walls  of  tha  manoastar  while  Ineartlng 
tha  kovar  wires*  Tba  wires  themaalvas  can  ba  made  aztrensly  small  with 
a  cusp  on  the  lower  side  to  reduce  surface  tension  and  facilitate  meniscus 
break  away*  Noraovar*  since  an  aircraft  flies  at  500  foot  levels  the 
action  of  tha  encoder  at  tha  wire  level  la  not  aztraiaely  critical*  In 
order  to  recaiva  a  steady  reading  of  altituda  the  wires  would  ba  sat  at 
500  foot  IncraBsats  at  25^  and  750  foot  levels  (a*g*  a  wire  at  tha  750 
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foot  1«T«1  and  the  1^0  foot  leTol  would  produce  recdinec  of  500  feet 
and  1000  fact  raapcotlTcly*  ate«)»  Mora  adwantagea  of  ualng  aareury  aa 
a  praaaura  maaaurlng  agant  and  the  aeouraoiaa  attalnabla  ara  giran  by 
A*  Pool  (Raf*  4:11A5*11}*  Tba  coat  of  tha  aboTa  daacribad  aqulpaientt 
including  a  fiwa  bit  atoraga  unit  for  tha  output  of  tha  *or*  gataa  ahould 
ba  laaa  than  $250* 

Tha  following  liat  outlinaa  tha  main  diaadwantagaa  of  a  aareury 
Banoaatari 

!•  Height  liaitationt  Tha  mercury  aanomatar  haa  an  abaoluta 
cailing  limitation  baeauaa  tha  lowar  teaparaturaa  at  hi^iar 
altitudaa  bagin  to  aolidify  tha  mercury  (approztaataly 
20«000  fact)* 

2.  Sstra  aquipaantt  A  rathar  large  (approxiaataly  17*  x  10* 

X  4*)  raaotaly  located  and  ribrationally  iaolatad  aquipamnt 
box  would  bo  required  for  tha  airborne  inatallation* 

Thia  box  would  need  n  atatie  aourca  plua  roltaga  input  and 
output  wires*  Tha  large  width  diaenaion  (10  inohaa)  la 
required  to  allow  the  pendulum  mounted  aanoamtar  to  aoak 
tha  rartieal  while  tha  aircraft  ia  clinging  and  daaoanding* 
Low  frequency  oscillations  of  the  pendulum  requires  a 
properly  adjusted  damper*  The  waied^t  of  tha  extra  aquipamnt 
is  in  tha  order  of  three  or  four  pounds* 

It  is  felt  at  thia  time  that  tha  size  of  tha  extra  equipment  is  tha 
only  itaa  restraining  tha  aareury  manometer  from  becoming  an  ina:g^naiTa 
low  altitude  encoder*  But  tor  this  reason  alone  tha  atareury  manometer 
will  not  ba  further  eonaidarad*  A  pilot  modal  of  this  encoder  was  not 
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constructed* 

The  second  device  considered  for  an  economical  altitude  encoder  was 
the  aneroid.  An  aneroid  Is  a  small,  sealed,  metal  enclosure  which  expands 
when  the  surrounding  pressure  decreases.  The  expansion  of  the  metal 
enclosure  Is  transformed  with  suitable  gearing  to  rotate  a  dial.  This 
mechanism,  known  as  the  altimeter.  Is  normally  used  In  all  aircraft. 

Because  all  aircraft  already  have  altimeters,  a  great  saving  may  be 
realized  If  the  altimeter  can  be  modified  In  a  simple  fashion  to  provide 
altitude  encoding.  Several  congpanies  (Kbllsman  Instrument  Corp.,  Elect¬ 
ronic  Assistance  Corp..  and  others)  have  been  working  on  methods  of 
altitude  encoding  using  the  aneroid.  The  Federal  Aviation  Agency  has  let 
several  contracts  In  conjunction  with  project  *SLATE*.  which  concerns  the 
development  of  a  general  aviation  altitude  encoder  and  radar  transponder. 
To  date  the  majority  of  the  encoders  developed  have  utilized  a  rotating 
circular  encoding  disct  driven  by  an  aneroid  pressure  sensing  mechanism, 
with  the  output  taken  from  tiny  brushes  making  electrical  contact  at 
the  encoding  wheel.  Perhaps  the  greatest  disadvantage  of  this  method  Is 
the  friction  created  between  the  brushes  and  the  encoding  disc.  A  further 
disadvantage  Is  that  the  brushes  are  extremely  fragile.  A  slmillar 
encoding  scheme  (Ref.  8)  uses  a  light  source  to  excite  sensitive  photo 
cells.  The  encoding  Is  accomplished  by  shining  light  through  an  aneroid 
driven  rotating  disc.  The  disc  is  alternately  opague  and  transparent  in 
a  series  of  circular  arcs.  The  latter  method,  using  the  optical  encoder, 
was  chosen  In  this  project  because  of  the  undesirability  of  the  brushes 
and  will  be  described  In  detail. 
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rv.  Altimeter  Modification 

Since  the  altimeter  is  already  available  in  all  aircraft  and  uses 
the  aneroid  for  pressure  sensing«  it  was  decided  not  to  duplicate  the 
device  but  simply  add  to  it  the  function  of  altitude  encoding.  If  the 
light  aircraft  owner  could  buy  in  "kit”  form  the  necessary  items  to 
convert  his  present  altimeter  into  an  altitude  encoder  and  still  retain 
a  normal  altimeter,  then  he  would  certainly  be  more  willing  to  cooperate 
with  the  modernization  of  air  traffic  control. 

To  attenqpt  the  above  scheme  a  used  5G.000  foot.  C-12.  Kbllsman 
altimeter  was  obtained  (Figs.  2  and  3)>  IQ  Chapter  3  the  decision  was 
made  to  use  an  optical  encoding  rotating  disc  for  changing  analog 
infoi*matlon  into  digital  information.  Problems  associated  with  the 
altimeter  modification  were:  (l)  deciding  where  to  mount  the  rotating 
encoding  disc.  (2)  choosing  the  type  of  optical  detectors.  (3)  determining 
the  type  of  light  source  to  use  and  where  to  mount  it.  and  (4)  getting 
the  digital  encoded  Information  out  of  the  sealed  altimeter  case.  All  of 
these  interrelated  problems  had  to  be  solved  keeping  in  mind  that  the 
altimeter  was  to  be  used  in  the  normal  manner  by  the  pilot. 

Before  discussing  how  these  problems  were  solved  it  ia  necessary 
to  briefly  consider  what  is  to  be  used  as  cm  altitude  reference.  As 
mentioned  previously,  many  agencies  have  decided  to  use  29.92  inches  of 
mercury  as  a  standard  pressure  reference  for  altitude  encoders.  This  is 
quite  acceptable  for  the  hi^er  airway  structures;  however,  for  the  low 
airway  structure  this  procedure  is  unrealistic*  If  29*92  were  the 
reference  of  a  low  altitude  encoder  it  is  conceivable  that  the  controller 
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vould  ree«iT«  an  altitude  balow  ground  laral  or  eran  aaa  laral*  It 
might  ba  arguad  that  tha  ground  oooputar  could  eorraot  tha  29*92 
rafaranoa  to  flald  praaaura  rafaranea  to  glra  tha  oontrollar  a  raallatle 
altitude)  but  to  do  this  vould  add  aore  equipment  and  duplicate  a 
function  already  parfozmad  by  tha  pilot*  It  la  tha  author's  opinion 
therafora  that  tha  flald  baroaatrie  praaaura  or  mean  sea  laral  praaaura 
should  ba  used  for  an  altitude  encoding  rafaranea  In  tha  low  altitude 
airway  atructura* 

Using  tha  flald  praaaura  rafaranea  allailnatas  any  sligpla  method  of 
mounting  tha  rotating  disc  at  tha  rear  of  tha  altlawtar  since  practically 
tha  entire  Inner  machaniam  (Item  fig*  2)  rotates  whan  the  Kollaman 
window  flald  baroioatrle  praaaura  la  changed*  This  dilemma  requires  that 
tha  rotating  disc  ba  located  in  tha  front  assaaibly* 

Tha  frontal  position  of  tha  encoding  disc  did  coaqplleata  tha  optical 
problama*  Most  eommsrelally  arallabla  photo- Junction  calls  coma  la 
rather  large  aaeasaamats  and  to  use  them  would  hare  required  an  extension 
on  tha  front  of  tha  altimatar  case  and  also  an  aztansion  of  the  handstaff 
(Item  3*  rig*  3)«  To  extend  the  haxtdstaff  was  not  feasible  because  the 
larga  hand  assembly  (Item  24#  fig*  2)  vould  certainly  harre  caused  the 
handstaff  to  bend*  It  was  therafora  decided  that  lead  sulfide  photo- 
junction  cells  or  silicon  photo-Toltalo  cells  should  be  used*  lead 
sulfide  cells  are  arallabla  in  axtraamly  saiall  sixes  (1  aUllmatar  square) 
and  could  ba  used  for  high  altitude  aneodars  where  more  "bits*  are  required* 
Tbr  tha  low  altitude*  fire  "bit*  encoder*  silicon  photo-roltalc  solar 
cells  are  arallabla  In  sufficiently  ammll  sizes  and  are  lass  ai^ansira 
than  lead  sxilflde  cells* 
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Tigur*  4  ahows  ooa  of  tha  Hoffman  C-38  photo-roltaie  aolar  ealla 
lying  in  front  of  tha  altinatar  oaaa  and  fire  mountad  inaida  tba  oaaa* 
Thaaa  aolar  oallat  aneapaulatad  and  with  leada  attaehad*  ratailad  for 
$1«95  aaeh.  Spaeifioationa  and  grapba  (eourtaay  of  Hoffkian  Corp«)  ara 
in  Appendix  B. 

To  allow  alightly  more  area  for  each  aolar  call  or  'bit*  poaition, 
tha  gear  ratioa  (Item  l6t  Fig.  3)  vara  changed  to  make  a  20.000  foot 
altinmtar*  Thia  waa  aaaily  aoooQpliahad  by  uaing  itama  16a  through  16e 
froai  a  Kollaman  manifold  praaaura  gauge*  Tha  encoding  diae  (Fig*  4) 
waa  faahionad  to  double  aa  tha  alow  hand  and  rotatea  one  rarolution  each 
20,000  feat  while  tha  faat  hand  rotatea  one  rewolution  each  1000  feet* 

Notice  in  Figure  4  that  the  detectora  are  not  placed  aide  by  aide 
in  a  radial  array  aa  ia  often  tha  eaae*  The  eella  were  diaperaed  ao 
that  the  light  impinging  upon  one  detector  will  not  be  of  auf fie lent 
atrength  to  be  detected  by  an  adjacent  cell*  Alao*  the  conatruction 
of  the  rotating  diae  waa  mada  ao  that  hi^  reaolution  waa  obtained  when 
rotating  froai  an  opaque  to  tranaparent  poaition  and  Tioe  weraa*  Tha 
diae  waa  mada  of  lucite  with  photographed  encoder  ahaeta  on  either  aide* 
Tha  photographed  "poaitiTea*  were  one-fourth  the  aize  originally  drawn* 

Becauae  the  aolar  cella  are  independently  located,  either  fire 
indiridual  lighta  or  one  large  light  aource  aiay  be  uaed*  To  aioulate 
aircraft  inatrument  lighting  fire  amall  G*E*  No*  222  bolba  were  uaed* 
Theae  bulba,  like  thoae  on  most  aoldering  irona,  hare  a  amall  coxxrex 
lena  in  the  end  to  give  aone  focuaing*  The  queation  than  aroaa  aa  to 
how  the  device  will  work  at  night  when  white  light  ia  undaaireable  in 
the  cockpit*  However,  ainoe  tha  peak  of  the  aolar  cella  reaponae  curve 
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Figtir*  4  AltiMt«r  Modification  Parts 
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ooeurs  above  the  Tiaible  epeotrum  at  8,300  angatroma,  thia  preaented 
no  problem*  When  li£^ta  are  located  around  the  eiroumferenoe  of  the 
inatrument  it  ia  difficult  to  focua  light  directly  upon  deteotora  near 
the  center.  Sufficient  clearance  ia  available  to  tilt  the  cella  up  to 
15  degreea  for  better  directivity  if  deaired,  but  allowancea  muat  be 
made  in  the  encoding  diac  deaign.  Other  optical  foeuaing  techniquea 
auch  aa  refleotora  or  the  uae  of  fiber  optica  are  poaaible*  The  ultimate 
in  an  electromagnetic  li^t  aouree  would  undoubtedly  be  to  uae  gallium 
araenide  diodea  (Ref.  3)  located  inaide  the  caae*  Thia  aeheme  waa 
partially  teated  by  placing  a  gallium  araenide  cell  one  quarter  of  an 
inch  in  front  of  the  altimeter  face  directly  oppoaite  a  detector  cell* 
Although  the  tranamiaaion  efficiency  waa  quite  low  an  output  of  two 
microanpa  into  a  2200  ohm  load  waa  obtained* 

To  caiiq)lete  the  encoding  altimeter  it  waa  only  neceaaary  to  find  a 
method  of  routing  the  aolar  cell  lead  wirea  to  the  outaide  of  the  caae* 
Staiall  groovea  were  cut  inaide  the  caae  edge  and  the  wirea  routed  behind 
the  retaining  ringa  (Itema  2  and  7*  Fig*  2}  to  the  rear  of  the  caae* 

At  the  rear  of  the  caae,  holea  were  drilled,  terminal  pina  inatalled, 
and  the  caae  waa  aealed  with  Epoxy  Patch. 

To  review  the  altimeter  modification  proceaa  refer  to  Figure  2. 

The  interior  geara  at  Item  6  were  changed.  Item  I6  waa  removed.  Item  17 
waa  removed  and  replaced  by  the  detector  mounting  plate,  hand  indicator 
22  waa  diaearded,  hand  23  vna  replaced  by  the  encoding  diac,  hand  24 
waa  replaced  with  a  plaatic  pointer.  Item  20  waa  reaioved,  and  the  dial 
numbera  were  painted  on  the  back  of  the  altimeter  glaaa  face.  Item  26* 
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A  eallbratioB  of  the  oomrortod  altiMter  vas  mado  usiag  tha  B-1* 
Dlffarential  and  Abaolata  Araaaure  Manonater.  Tha  ealibration  table 
and  a  pieture  of  tha  aanometar  are  given  in  Appendix  C.  hjratareaia  and 
friction  errora  ware  vithin  tha  linita  apaeifiad  in  Referanea  !•  Cliaatio 
taata  ware  not  oonduetad.  aaith  law  oorreetion  (Raf>  1,  Sac.  3*9)  of 
atatio  poaition  dafaet  error  waa  not  eonaidarad  relevant  for  tha  altitudaa 
and  typaa  of  aircraft  under  eonaidaration*  Satimatad  coat  of  tha  alti- 
laatar  converaion  waa  $50  (ippandix  D}*  wall  below  tha  aet  goal  of  $500. 

A  awitching  anplifiart  capable  of  i— ifing  tha  altioatar  output  eoBq>a- 
tibia  with  tha  logic  circuitry  waa  naeaaaary  before  eonaidaration  of  tha 
logic  circuit.  Thia  aaqplifiar.  ahown  in  Figure  5*  auppliad  saro  volta 
to  tha  output  whan  tha  aolar  call  waa  illuminated.  Otharwiaa.  tha  output 
waa  a  negative  10  volta.  Two  atagaa  ware  uaad  for  tamparatura  atabilisa* 
tion  and  batter  control  of  aanaitivity.  Tha  potantioewtar  adjuatad  tha 
aanaitivity  of  each  call.  Tha  input  iapadanea  of  tha  tranaiator  gave 
a  good  maTimum  power  tranafar  match  for  tha  aolar  call.  With  tha 
potantiaumtar  aat  at  mid-range  and  uaing  a  atandard  incandeaeant  li|^t 
aouroc  tha  energy  required  to  produce  zero  volta  at  tha  amplifier  output 
waa  11  foot-eandlea.*  Under  tha  above  conditiona  the  output  currant  from 
tha  aolar  call  to  tha  amplifier  ia  9.6  nieroaoqpa  and  tha  abort  circuit 
currant  waa  within  0.2  microanpa  of  thia  value.  Tha  power  danaity  required 
at  the  beat  raaponaa  wave  length  (83OO  i)  waa  calculated.  Aaauming  a 
converaion  of  14  par  cant  and  one  electron  per  photon  tha  power  danaity 
neceaaary  at  tha  aolar  call  waa  11. 4  x  10~^  watta/ca^. 

•  Thia  figure  haa  only  relative  aiarit.  ainca  tha  peak  raaponaa  of  tha  aolar 
cell  liaa  above  tha  viaibla  apaetrum.  However,  tha  incandeaeant  lamp 
doaa  have  an  output  apaetrum  aiadliar  to  tha  raaponaa  apaetrum  of  the  call 
and  waa  tha  only  atandard  aourca  readily  available. 
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T.  Log^e  Cireuit 


Tb*  logic  eireuit  \iMd  to  store  the  binary  coda  disouucd  io  Chgpter 
3  is  shown  in  Tigurs  6.  The  unitissd  logic  equipment  wss  nsde  by  ths 
Burroughs  Corporetion  in  1955  u&d  i*  shown  in  Figure  7*  Nsturslly*  this 
circuitry  would  hare  to  be  transistorized  for  an  airborne  installation* 

The  logic  circuit  used  is  by  no  means  unique*  but  the  author  feels  it  to 
be  the  best  one  consistent  with  the  logic  equipment  iaamdiately  arailable* 
A  brief  description  of  the  characteristics  of  the  indiwidual  logic  units 
was  abstracted  from  Reference  2  and  included  in  Appendix  1* 

for  the  Burroughs  Squipment  zero  Tolts  is  used  for  the  binary  ■one* 
state  and  a  nagatiTe  TOltagi  (-10  to  -23  Tolts)  for  ths  *zero*  state* 

Of  course  the  two  states  could  hare  any  names  and  it  wouldn't  matter* 
but  haring  zero  rolts  for  ths  *000*  state  does  occasionally  become 
confusing  when  checking  the  circuitry* 

first  consider  ths  portion  of  the  circuit  (fig*  6)  which  sets  the 
state  of  the  shift  register*  The  solar  cells  inside  the  altimeter  are 
connected  directly  to  the  switching  amplifier  discussed  in  Chapter  3* 

An  eniplifier  output  is  zero  rolts  if  light  falls  upon  its  associated 
solar  cell*  otherwise  the  output  is  minus  10  rolts*  The  output  of  each 
amplifier  is  connected  to  two  coincidence  (■and*)  gates (  one  directly 
and  the  other  through  an  inrerter*  A  fairly  high  frequency  (750  kc) 
astable  nultiribrator  is  also  fed  to  the  *aod*  gates  and*  with  coinci¬ 
dence  (zero  rolts)  from  tbs  amplifier  or  inrerter*  sets  the  shift 
register  storage  unit  to  the  appropriate  state*  This  portion  of  the 
eireuit  works  quite  well  as  long  as  the  rate  of  TACAN  interrogation  and 
the  rate  of  ehangs  of  the  altimeter  is  small  compared  to  the  frequency 


24 


G  e/EE/62-15 


ALTir-IETER 


EXTERN AL  Circuits 


AMPUIFItRS 


lOOtJ. 

m&H  FREQ,. 
PUl^E  GEKi. 


I  fMF»OT  PROlA 
-rA.C/^.N  MOOUl-ATOR. 


PULSE  GATER, 


_  - - ^  C  OtVJTROU 


C  I  «.CUI\  T 


I  ZC>1 


■ 

....  n 

V - 

— u 

1304. 


;l-»\  T 


1 

— f 

tH 

-\ 

1 

f 

o 

p4 

1 

j _ 

o 

r»GUREe  OIGITAU  uooic  CJRCUIT  OIA,&R.Ar^ 


2? 


GE/feE/62-19 


Figure  7  Digital  Logie  Equipnent 
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of  th«  astabla  multlTlbrator  and  eliminates  the  need  for  a  oonplex 
sequenee  of  circuits  (e.g*.  snplifier*  Schmitt  triggeri  differentiation! 
and  rectification). 

Now  consider  the  control  portion  of  the  circuit  which  generates  the 
shifting  pulses.  A  pulse  from  the  TACAN  modulator  (discussed  in  Chapter 
6}  signals  the  logic  control  circuit  that  the  modulator  is  about  to 
generate  two  pulses  for  interrogation  of  the  ground- beacon.  Twenty- three 
microseconds  later  the  control  circuit  generates  fire  shift  pulses  with 
a  period  of  approximately  11  microseconds.  This  is  accomplished  by  the 
feedback  network  shown— the  gating  monostable  multlTlbrator  allows  suffi¬ 
cient  tims  for  only  fire  pulse  outputs  to  the  shift  register.  The  gating 
multiTibrator  also  turns  off  the  high  frequency  pulse  generator  so  that 
the  shift  register  flip  flops  will  not  be  "set*  by  the  altimeter  during 
the  shift  out  period  (approximately  51>  microseconds). 

The  shifting  of  the  register  is  acconplished  serially  in  a  standard 
manner  which  uses  the  least  number  of  logic  elements.  Vor  example*  the 
first  shifting  pulse  shifts  flip  flop  *>2*  into  the  output  and  all  others 
into  storage  delays  between  flip  flops.  Shortly  thereafter  the  same  pulse 
sets  all  flip  flops  except  ”B^*  to  the  *zero*  state  to  await  the  output 
of  the  delay  element  to  its  left.  The  process  is  repeated  fire  times 
until  all  the  binary  information  has  been  shifted  to  the  output  of  the 
register. 

The  logic  control  circuit  may  be  excited  directly  from  the  TACAN 
modulator.  HoweTer.  a  pulse  reshaper  and  power  amplifier  is  required  at 
the  output  of  the  shift  register.  The  bandwidth  of  the  TACAN  circuitry 
makes  the  latter  statement  an  absolute  "must*  and,  as  will  be  shown  later* 
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th«  powar  required  for  input  to  the  TACAN  ia  quite  large* 

Table  1  ahowa  the  binary  'bita*  aaaoeiated  with  500  ft*  inereaentad 
altitude*  The  encoded  'bita*  leare  the  ahift  regiater  in  the  following 
orderi  A2*  A^»  B],*  32*  B|^*  figure  8  ahowa  the  altimeter  with  eorreaponding 
wareforma  of  the  logic  circuit  output*  The  altimeter  photoa  are  aomewhat 
fictitioua  in  that  they  were  taken  in  the  atudio*  Thia  ia  awident  from 
the  diaappearanoe  of  the  Bollaman  window*  figure  9  (n)  ahowa  the  logic 
circuit  output  at  9500  feet  with  the  aaaoeiated  ahift  pulaea  (fig*  6* 

TP-2)*  and  figure  9  (8)  ahowa  a  tranaition  wawefom  taken  at  73^0  feet 
(notice  that  pulae  "B^^*  haa  Juat  coma  on}*  The  output  pulaea  are 
actually  negatire  and  ineerted  at  the  oaeilliaoope*  The  pulae  duration 
and  riae  time  may  be  waried  at  the  output  drirer  atage* 

X  rough  eatimate  waa  made  to  detexiaine  the  approximate  price  of  a 
tranaiatorixed  reraion  of  the  logic  circuit*  Thia  eatimate  amounted  to 
$358  uaing  the  following  unit  prioeai  thirty  dollara  for  the  output 
power  ataga*  ten  dollara  per  tranaiator  atage*  fire  dollara  for  eaoh 
fixed  parameter  delay  network  of  abort  duration*  and  three  dollara  per 
■and*  and  *or*  gate* 
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Tabl*  1 


Binary  Encoded  Altitude 


Altitude  (ft.) 

Qray  Code 

Altitude  (ft.) 

Gray  Code 

-500 

B4 

7500 

A2A^ 

0 

B2B4 

eooo 

^4  ®2®4 

500 

B2 

8500 

1000 

Bi% 

9000 

^4®l% 

1500 

®1®2®4 

9500 

^2^4®1®2®4 

2000 

h  h 

10000 

®4 

2500 

Bl 

10500 

^4®l 

3000 

A4B1 

11000 

i2  Bl 

3500 

^4®l  ®4 

11500 

A2  Bl  B^j^ 

1^00 

^4®l®2®4 

12000 

A2  BiBgBi^ 

4500 

H®1®2 

12500 

A2  Bi®2 

5000 

A4  B2 

13000 

A2  B2 

5500 

^4  ®2®4 

13500 

A2  %B2^ 

6000 

A4 

14000 

A2  B^ 

6500 

14500 

7000 
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2000  ft 
reading 


Top  scan;  control  gate  (TP-1) 
Lower  aean;  2000  ft  output 
(Bi, 

(20  r/em;  10  mleroeec./eai) 


8500  ft  Top  acan;  control  gate  (TP-1) 

altiaeter  Lower  acan;  8500  ft  output 

reading  (*2*^4, B2) 

Figure  8  Altiaeter  and  Cerreepondlng  Waveforas 
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(«)  Top  scan,  output  at  9500  ft 

Bottmn  scan,  shift  pulses  (TP-2) 

20  t/cb,  10  Blcrossc./cB 


(b)  Top  scan,  control  gats  (TP-1) 

Bottoa  scan,  transition  to  7500  ft 

(*2*4,84) 

20  ▼/cm,  10  microsec. /CB 


Figure  9  Logie  Circuit  WaTsforms 
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71.  TACAW 

Btfora  presenting  the  required  ehanges  in  the  Teetieel  Air  Merige- 
tion  eyetem  which  will  permit  tranamiesion  of  eltitode  information  to 
the  ground  it  is  necessary  to  discuss  TACAN  in  general*  Readers  familiar 
with  TACAN  will  find  this  chapter  rudimentary. 

TACAN  is  a  short-range  aircraft  narigation  system  which  supplies 
continuous*  accurate*  slant-range  bearing  information*  The  narigational 
and  approach  information  is  presented  Tisually  in  the  cockpit  (Tig*  10). 
The  normal  limitations  in  low  frequency  narigational  aids  such  as  static 
interference*  split  or  bent  beams*  and  a  limited  number  of  naTigational 
courses  have  been  eliminated  in  TACAN*  Dietance  Measuring  Xquipsient 
(OME)*  iriiich  is  an  integral  part  of  TACAN*  furnishes  slant-rsnge  distance 
information  continuously  from  the  ground  facility. 

TACAN  operates  in  the  UHT  (1000  megacycle)  band.  The  TACAN  system 
has  a  total  of  126  two  way  channels*  Air-to-ground  frequencies  (required 
only  for  the  distance  function)  of  these  channels  are  in  the  10^-1150  me 
range}  associated  ground-to-air  frequencies  lie  on  either  side  of  this 
range  and  are  in  the  me  and  1151-1213  me  ranges*  Channels  are 

clear  frequency  and  spaced  at  1  me  interrals*  they  do  not  depend  on 
pulse  coding.  The  coaqplete  system  block  diagram  is  shown  in  Figure  11. 

The  azimuth  and  distance  information  is  prorided  by  a  multichannel 
airborne  race irer- transmitter  (AN/ARN  21*  Ref*  10)  and  presented  to  the 
pilot  in  the  aircraft*  The  maxiimi  range  at  which  this  information  may 
bo  reeeired  is  approximately  200  nautical  miles*  It  should  be  noted 
here  that  ciril  aircraft  do  not  presently  use  TACAN  as  such*  but  normally 
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Figure  10  Radio  Set  AN/ARN-21B 
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Figure  11  Over-all  Syatem  Simplified  Block  Diagram 
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UM  Just  the  dletenee-meeaurlng  portion  end  obtain  their  aninuth  infor¬ 
mation  from  Ver7  High  nrequeney  Ctatni  Range  (VOR)  facilities* 

The  TACAN  ground  aquipaent  eonsists  of  a  reeeiTer-transaitter 
combination  and  a  rotating  antenna  for  the  transmission  of  bearing  axid 
distance  information.  The  ground  station  identifies  Itself  throu^ 
International  Morse  Code  each  30  seconds* 

The  tvo  basic  functions  of  TACAN  will  now  be  described.  The  azimuth 
or  bearing  measurement  portion  of  the  system  will  be  considered  first* 
although  quite  briefly*  since  it  has  little  relewance  to  the  thesis 
problem.  The  distance  measuring  portion  will  be  described  second  and  in 
considerable  more  detail. 

The  ground-beacon  transmitter  operates  at  a  constant-duty-cycle  of 
about  2700  pulses  per  second  of  constant  amplitude  at  all  times*  These 
pulses  are  made  up  of  a  combination  of  distance-measurement  reply  pulses* 
filler  pulses*  station  identification  pulses*  and  phase  reference  pulses* 
For  bearing-phase*  moplitude  modulation  is  accomplished  by  mechanically 
rotating  two  parasitic  antennas  around  a  central  elesient  producing  a 
rotating  oardioid  pattern*  The  depth  of  this  modulation  is  small  so  that 
the  pulse  information  is  not  lost.  Two  parasitic  antennas  are  used  to 
increase  bearing  accuracy*  The  parasitic  antennas  rotate  together  from 
the  same  drire  motor  at  13  reTolutions  per  second*  The  inner  rotating 
element  is  one  wire  in  a  fiber  glass  drum  and  produces  coarse  bearing 
infoznation  (itO°  sectors)  while  the  outer  rotating  drum  has  nine  wire 
elements  producing  a  133  cycle  per  second  signal  which  is  used  as  *fine 
phase*  information  by  the  aircraft  receirer  to  determine  azimuth  within 
each  itO^  sector  by  plus  or  minus  one  degree.  The  adTsntages  of  the  TACAN 
fine  bearing  transmission  orer  the  older  Very  High  Frequency  Omni  Range 
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(TOR)  signala  ar«  tha  Inoraaaad  baariag  aeouraejr  and  laaa  intarfaraaea 
dua  to  propagational  raflaotiona  (Raf*  6). 

Tba  dlatanoa  oaaaurlnc  function  of  TdCAN  la  acoonpliahad  hy  aaaaurlng 
tha  round'trip  traaal  tlina  of  radio  pulaa  aignala*  Tha  aircraft  intar> 
rogataa  tha  ground  baacon  with  rary  narrow  hut  widaly  vaoad  pulaaa*  Tba 
ground  equipment  racairaa  theaa  intarrogationa  and*  after  a  30  micro- 
aacond  dalayt  triggara  tha  aaaociatad  tranamittar  on  a  different  channel* 
Timing  circuita  in  tha  aircraft  maaaura  tba  tiaa  between  interrogation 
and  reply  and  operate  a  diatanca  mater  in  tha  coel^it*  Tba  range  at 
which  aircraft  can  racaiTa  diatanca  infomation  dapanda  upon  tha  air¬ 
craft 'a  altitude*  but  at  moat  la  about  200  nautical  milaa* 

In  order  that  more  than  one  aircraft  may  xiae  one  ground-atation  it 
ia  neeeaaary  for  tha  interrogation  pulaea  from  each  aircraft  to  randomly 
rary  or  * Jitter**  Thia  ia  acccmpliahed  in  tha  aircraft  tranamittar 
modulator  by  an  unatabiliaed  multiTibrator*  An  automatic  atroboacopic 
aearcb  procaaa  in  tha  aircraft  locataa  tba  correct  reply  pulaea  by 
fiitding  repeated  reply  pulaea  which  hare  a  fixed  or  alowly  warying  time 
delay  in  relation  to  tha  tranamittad  intarrogationa*  Tha  atroba  aoana 
a  eliding  range  gate  and  taata  auccaasiTa  poaitiona  until  finding  aoma 
particular  time  delay  intarral  whoaa  pulaea  are  in  aynchroniam  with  thoaa 
tranamittad*  Tha  interrogation  pulaa  rata  ia  hi^r  (130  pulaea  par 
aacond)  in  tha  "aeareb*  condition  than  whan  *loekad-on*  (30  pulaea  par 
aacond}*  A  cryatal-controlled  it046  epa  oacillator  ia  uaed  aa  tha  time 
rafarenca*  .The  tins  delay  between  intarrogationa  and  reply  ia  meaaurad 
in  taima  of  tba  number  of  cyclea  or  fractiona  of  cyclaa  of  thia  aignal* 

To  aatabliab  an  accurate  zero  rafarenca  tha  aama  aignal  ia  uaed  to  trigger 
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the  Qonetabilized  multlTibrator  in  the  tranamitter  modulator* 

The  pulsea  disousaed  aboTe  are  actually  twin  pulses  with  a  spacing 
of  twelve  microseconds*  Both  ground  and  airborzie  receivers  have  decoders 
that  pick  only  pulse  pairs  of  the  correct  spacing*  This  makes  the  system 
more  interference  free  from  false  signals  and  noise* 

The  capacity  of  the  dietance  measuring  portion  of  TACAN  is  approxi¬ 
mately  one  hundred  aircraft*  This  is  based  on  the  assumption  that  5 
per  cent  of  the  interrogating  aircraft  will  be  in  the  "search*  (I30 
pulses  per  second)  condition  and  the  other  95  cent  will  be  in  the 
"track*  (30  pulses  per  second)*  thus  using  up  the  entire  ground  beacon 
transmitter  capacity*  Note  also  that  the  duty  cycle  of  the  airborne 
transmitter  is  extremely  low  (around  2  per  cent)  and  that  a  great  deal 
of  frequency  space  is  open  for  the  addition  of  other  information* 

This  was  a  basic  premise  of  the  designers  of  TACAN  (Ref*  6:12X  that  is* 
to  multiplex  additional  navigation  functions  on  TACAN  channels* 
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VII.  XAfiAM  mitiiMixm 

The  pulse  code  nultiplexiog  of  altitude  infomation  with  the  EME 
Interrogation  signals  requires  only  oonsideration  of  the  oodulator 
circuit.  The  relationship  of  the  modulator  with  respect  to  the  complete 
radio  frequency  circuitry  is  shown  in  Figure  12.  A  block  diagram  of  the 
modulator  and  the  related  range  circuits  are  shown  in  Figure  13 . 

Before  discussing  any  modifications  it  is  useful  to  determine  how 
the  modulator  operates.  Refer  to  foldout  Figure  14*  Starting  at  the 
left,  tbs  pulse  repetition  frequency  (FRF)  astable  multiribrator  produces 
pulses  which,  when  coincident  with  4^4^  ep*  time  reference  pulses  from 
the  range  gate,  ■firs*  the  first  pulse  generator  tube  T702.  The  FRF 
multivihrator  is  not  stabilized,  i.e.  the  discharging  path  though  C702 
is  long  and  therefore  any  rariation  in  circuit  parasMters  such  as 
temperature,  noise,  etc.,  will  change  the  tube  operating  point  and  wary 
the  FRF.  This  is  the  phenomenon  that  allows  each  receiTer  to  distinguish 
its  own  reply  pulses  from  those  to  other  aircraft.  The  gate  pulses  wary 
in  the  Ticinity  of  130  pps  in  ■search*  and  in  the  rioinity  of  30  pps 
in  * track.*  These  two  rates  are  controlled  by  the  stroboscopic  range 
gate  of  the  receirer.  The  bottom  of  resistor  R706  is  *grounded*  through 
a  relay  (not  shown)  when  the  range  gate  is  in  the  search  condition,  but 
■open*  when  the  range  gate  receires  the  correct  reply  pulses  and  stops 
its  searching  process. 

The  first  pulse  generator,  on  coincidence  of  a  404^  cps  pulse 
at  the  screen  and  a  FRF  sultiTibrator  pulse  at  the  grid,  creates  the 
first  transmitted  pulse  through  nstworic  C703  and  L701.  This  pulse 
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eoDtinuta  through  tranafomar  T701  and  the  powar  ntpllfier  to  drlTO 
auecaadlng  stagaa  of  tha  tranamittar  (fraquaney  miltipllart  triplar 
aggplifiar*  and  RF  oaoillator)*  This  aaua  pulsa  raturna  through  tha  12 
Bleroaaoond  delay  network  SL701  and  *flraa*  thyratron  V704  to  produoa 
tha  aaoond  pulaa  of  tha  twin  pulaa  pair*  ▲  third  pulaa  ia  not  produoad 
beoauaa  V704  doea  not  return  to  ita  atatie  atata  for  oonaidarably  nora 
than  12  mieroaaeonda* 

The  modifieationa  to  tha  modulator  naeaaaary  for  tha  ineluaion  of 
altitude  information  are  ahown  in  Figure  15  before  and  after  tranafoxmer 
T701*  Tha  output  of  tha  logic  circuit  ia  introduced  at  tha  primary  of 
T701  (pin  2)  and  paaaaa  through  tha  tranamittar  in  the  aama  manner  aa 
tha  interrogation  pulaaa*  To  keep  tha  logic  circuit  inputa  from  exciting 
tha  aaeond  pulaa  generator  it  ia  naeaaaary  to  remora  tha  wire  to  tha 
delay  line  fToat  tha  aaeondary  of  T701  (pin  3)  operate  tha  aaoond 
pulaa  generator  from  tha  primary  aide*  A  diode  ia  uaad  to  iaolata  both 
pulaa  generatoKs  froai  tha  logic  input*  Tha  aaeond  pulaa  of  tha  twin  pulaa 
interrogation  ia  generated  aaaentially  aa  before  by  adding  an  amplifier 
to  tha  circuitry*  Thia  circuit  ahown  in  tha  lower  part  of  Figure  13 
inrerta  and  amplifiea  tha  firat  interrogation  pulaa  from  tha  primary 
aide  of  T701  and  raturna  it  to  the  grid  of  tha  aaoond  pulaa  generator 
through  tha  delay  line*  A  pulaa  tranaformer  would  haire  aarrad  batter 
than  tha  amplifier  but  waa  not  readily  arailable* 

No  modifieationa  are  required  to  run  tha  logic  circuit  aa  a 
"auppiaaaion  pulaa*  ia  proridad  from  tha  network  eonnactad  to  tha  cathode 
of  the  firat  pulaa  generator*  Thia  *auppraaalon  pulaa*  from  terminal  5 
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120  V0C,4OOV 
PULSE  TO  VI20S-4-5 
AND  RF  TRIPLER 
ANODE  VI30S 


50  VDC  PLUS  400V 
PULSE  TO  JI30I-S 


6  3  VAC 
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1 15V  320-10003 
(DELAYED) 
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SWITCH  SI02 


R  REFERENCE 
DESIGNATION 

MFR  CODE 

VALUE 

C706 

CFT 

0062  UF 

CCT 

0  062UF 

CKB 

0  068UF 

R72t 

_ L_ 

CFT 

270a 

CCT 

270n. 

CKB 

i6on 
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NOTES 

I  UNLESS  OTHERWISE  INDICATED  RESISTORS 
ARE  1/2  WATT,  RESISTANCE  VALUES  ARE  IN 
OHMS. AND  CAPACITANCE  VALUES  ARE  IN 
MICRO-MICROFARADS. 

2  "K“  INDICATES  THOUSANDS  OF  OHMS.'MEG" 
INDICATES  MILLIONS  OF  OHMS.ANO'UF' 
INDICATES  MICROFARADS 


Figure  1/f  Radio  Modulator  Schamattc  Diagram 
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Input  from 

To  Logic  Circuit 


Figure  15  Modifications  to  Modulator  Circuit 
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on  tho  extreme  left  of  Figure  14  la  uaed  to  out  off  other  alroreft 
equipment  edrersely  effected  by  the  TACIN  tranemltter*  The  pulse  occurs 
at  the  beginning  of  the  first  trsnsmltted  pulse*  Is  about  30  Tolts 
posltlre  with  a  rise  time  of  0*5  mleroseconds*  and  is  Ideally  suited  for 
operation  of  the  logic  control  circuit* 

Modification  to  the  modulator  Is  now  complete i  a  pulse  Is  aTsllable 
for  drlTlng  the  logic  circuit  and  the  necessary  changes  hare  been  made 
to  activate  the  stored  altitude  Information*  Figure  l6  shows  the  time 
relationships  between  the  logic  circuit  exciting  pulse*  the  TACAN 
Interrogating  pulses  snd  the  logic  circuit  shift  pulses* 

Naturally*  some  equipment  changes  would  be  required  In  the  ground 
receiver  to  realize  the  complete  system*  Low  altitude  encoding  would 
necessitate  changing  the  basic  5^  microsecond  delay  In  the  ground  trans> 
mittbr  (Bef*  6t30)  to  74  microseconds*  Also*  additional  ground  decoding 
equipment  would  have  to  be  added* 
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TACAN  t«8t  board 


(a)  Pin  5,  P701,  logic 
driring  pulaa 
(20  T/em,  10  /is/om) 

Pin  3,  T701,  bafora 
circuit  B»difieation 
(200  T./cm,  10  jiM/cm) 


(b)  Pin  3,  T701,  using 
aaplifiar  modification 
and  2000  ft  input  from 
logic  circuit 

(200  T/cm,  10  yM/cm) 

(c)  Pin  3,  T701,  using 
8500  ft  input  from 
logic  circuit 

(200  T/cm,  10  yn/cm) 


(d)  TP-2,  logic  circuit  shift 
pulsas 

(20  r/cm,  10  mlcrosac./cm) 

Pin  5,  P701,  logic  driring 
pulse 

(20  r/cm,  10  microsac.  /cm) 


rigura  io  tauan  Test  Board  and  TACAK-Wa*afprms 


Tin.  ConcluaiOM 

Tbe  bMle  aeoompllsbmsnta  of  this  project  esn  be  sunnsrlzed  as 
follows I 

!•  An  seonomloal  altitude  sneoder  using  a  standard  altiaeter 
was  designed  and  constructed* 

2*  iiqplifiers  to  enable  the  encoder  to  operate  a  binary  circuit 
were  built. 

3*  A  logic  system  was  designed  and  assembled* 

4*  A  TACAN  modulator  was  modified  to  permit  transmission  of 
altitude  information* 

It  can  be  concluded  from  the  study  that  it  is  possible  to  assemble 
an  altitude  encoder  at  a  reasonable  cost  andt  thus*  priwate  aircraft 
owners  should  be  included  in  future  autosMtic  altitude  reporting  derelop- 
ments*  Also*  it  can  be  concluded  that  the  nultiplezing  of  Air  Traffic 
Control  functions  with  distance  measuring  interrogation  signals  is  feasible* 
A  cost  analysis  would  most  likely  prove  this  system  to  be  more  eeonoedeal 
than  the  addition  of  a  radar  transponder  to  those  aircraft  already  using 
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IZ.  tSL  Farther  Study 

Another  related  problen  in  Air  Traffic  Control  ia  that  of  identi¬ 
fication.  or  COM  way  of  poaitirely  determining  which  aircraft  ia  aending 
information  to  the  ground*  To  date,  neither  FAA  nor  ICAO  haa  atteopted 
to  derlTe  a  poaitiTe  identification  code.  Tbr  Toice  conaninicatlona  a 
"name*  and  trom,  three  to  fire  decimal  diglta  are  uaed  for  identification 
(e.g*.  American  302.  Air  Torce  451^)*  Obrioualy.  the  uae  of  alpbebetical 
aymbola  increaaea  the  binary  *bita*  required  and  a  purely  numeric  nomen¬ 
clature  ahould  be  uaed*  Even  ao.  if  120.000  aircraft  uae  the  airapace 
OTer  the  tinited  Statea.  aerenteen  'bita*  are  required  for  identification 
and.  if  an  attenqpt  ia  made  to  categorize  aircraft,  the  number  of  *bita* 
can  be  reduced  by  only  two  or  three* 

Another  poaaible  aolution  to  thia  problem  ia  not  to  uae  aircraft 
identification  at  all  but  aupply  aufficient  information  to  the  ground 
computer  ao  that  a  'coevariaon*  can  be  made  automatically  with  the  propoaed 
flight  plan  and  idantity  indirectly  eatabliahed*  Tor  inatance.  within  a 
200  xiautical  mile  radiua  of  a  TACAN  ground  beacon,  one  *bit*  of  information 
can  be  uaed  to  eatabliah  aircraft  inbound  or  outbound  from  the  atation. 
aix  *bita*  to  eatabliah  aircraft  magnetic  bearing  (airway)  within  5*6 
degreea.  axid  aix  "bita*  to  eatabliah  diatance  from  the  atation  to  within 
3*12  nautical  milea*  Thia  procedure  not  only  giyea  indirect  identification 
but  alao  aircraft  poaition  within  the  limita  apecified  and  could  poaaibly 
be  uaed  inatead  of  radar*  All  the  abore  information  *bita*  are  arailable 
from  aircraft  inatrumenta  and  would  make  an  intereating  encoding  problem* 
Another  field  of  atudy  which  needa  conaideration  ia  that  of  the 
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•Ir  traffic  control  congputar.  fAA.  haa  dona  aooM  work  in  thia  field  but 
bacauae  of  the  nrsant  naad  for  altitude  encoding  haa  not  been  able  to 
daTote  too  great  an  effort  to  the  logic t  progpaBa#  and  apeed  required  in 
auch  coaputera* 

The  following  liat  givea  further  projecta  needing  atudy  which  are 

directly  related  to  thia  theaiat 

1.  A  atudy  of  the  TACAN  ground  atation  and  the  beat  awthod 
of  decoding  AFC  infomation* 

2*  A  ooiqpl*^*  analyala  of  the  TACAN  duty  factor*  i*e«* 
the  deteraination  of  how  ouch  diatance  interrogation 
inforaation  ia  loat  with  the  addition  of  each  ATC  infor- 
laatlon  *bitf 

3*  The  deaign  and  conatruction  of  an  altitude  encoder  for 
•hi^*  altittide  uaing  galliun  araenide  diodea  aa  an 
optical  light  aource  aa  outlined  in  Chapter  h* 

The  conatruction  of  an  airborne  ATC  logic  circuit  package 
C0Bg>atible  with  TACAN* 

5»  A  coBvlete  atudy  of  tha  airborna  TACAN  tranaceiTcr  to 
decreaae  ita  coat  and  inereaae  ita  reliability* 


he 
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Blbliog>phy 


1*  Aitttua*  Computer  Svetem*  Charaoteriatle  No*  549*  Weehiogtop 
D*  C*>  Aeropaatleel  Radio  Ino**  NoTember*  1961* 

2.  Burrouaba  Spec  if  icat  Iona  for  Pulae-Control  aauiPBtent*  Operation 
Manual*  New  York}  Control  Inatrument  Co**  Ine*»  1931* 

3*  Kiayea*  R*  J**  and  T*  M*  Qniat*  *Reeanbination  Radiation  Btnitted 
by  Gallium  Araenlde**  PmummUrurm  of  the  IRB.  30 1  1822-23 
(iuguet  1962). 

4*  Fool*  k*  ■nreaaure  Sensing  Teohniquea**  Adriaory  Group  of  Aero¬ 
nautical  Reaearch  and  Deyelopment  Reaearch  »  JVi  11A5”11* 

New  Yorki  Fergamon  Freas*  1939* 

3*  Sandretto*  F*  C*  'The  Air  Traffic  Control  Faradoz**  IRB  Tgana. 

fiA  Aeronautical  Uairigattftnal  Electronica.  iIS=3.:  80-83 
(June  1938)* 

6*  Sandretto.  F*  C*.  et  al*  "TACANf  Electrical  nation. 

321  4-100  (March  1936)* 

7*  Sandretto.  F*  C*.  et  al*  TACAN  Data  Link.*  Blectrical  Commiai- 
eation.  341  133-270  (September  1937)* 

8*  Suaakind.  A.  K*.  et  al*  Analog-Diaital  CopTersion  Technicuea* 
Maasachuaetta  Institute  of  Technology  Flresa.  1937* 

9*  Technical  Infoxnation  Bulletin  32-36*  Silicon  Solar 

Eranaton  Illinois t  Hoffman  Slsctronics  Corp*.  September  1936* 

10*  USAF  Technical  Order  1^-2ARN  21-31*  AN/ARN-21  Operating 
Washington  D*  C*.  (January  1936.  reriaed  April  i960)* 
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ApptodiZ  fi 

SalML  Sail.  S^aasiaxlalXSM. 


Hbfftnan  solar  calls  hare  long  llfetlmasi  tenq^rature  stability 
aod  Tery  fast  response  times  (20  microseconds)*  The  upper  curre*  on  tbs 
following  page*  shows  the  eurrent-roltags  characteristics  for  rarious 
light  energy  lerels  and  the  lower  curre  the  output  rariation  with  tempera¬ 
ture*  The  characteristics  of  the  C-38  cell  followi 
1*  Length,  0*197  (eO.OOf  -  0*010)  inches* 

2.  Width.  0*088  (ip*003)  inches* 

3*  Thickness,  0*023  (ep*0010)  inches* 

4*  Actire  area*  0*014  square  inches* 

3*  Output  at  10,000  foot-candles  and  liDO  millorolt  load 
Toltage 

a*  Arerage  current,  1*63  mlllianps* 
b*  Arerage  powwt  0*6?  aiilllwatts* 

6*  Arerage  short  circuit  current  at  10,000  foot-candles, 

2*1  milliamp* 

7*  Arerage  open  circuit  roltage  at  10,000  foot-candles, 

330  inillirolts* 

8*  Abore  characteristics  are  for  23^0*  (3^)* 

9*  Operating  temperatwe  range  -63  to  173^0* 
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Ippendlz  C 

Altlmster  Calibration  Data 


Standard 

Instrument*  up 

Error 

Allowable  Error 

0 

20 

20 

♦50 

500 

500 

0 

1000 

970 

-30 

1500 

1460 

>40 

2000 

i960 

.40 

2500 

2480 

-20 

3000 

298O 

-70 

4000 

3920 

-80 

5000 

4940 

-60 

SXSO 

6000 

5920 

-80 

7000 

6880 

-120 

8000 

7870 

-130 

9000 

8850 

-150 

10000 

9840 

-160 

±225 

11000 

10870 

-130 

12000 

11810 

-190 

13000 

12820 

-180 

14000 

13770 

-230 

15000 

14770 

-230 

♦275 

16000 

15760 

-240 

18000 

17760 

-240 

20000 

19750 

-250 

•300 

Standard 

Instrument*  down 

Error 

Allowable  Snror 

15000 

14610 

-190 

1.275 

13000 

12870 

-130 

11000 

10920 

-80 

10000 

9920 

-80 

±225 

9000 

8960 

-40 

8000 

7970 

-30 

7000 

6970 

-30 

6000 

6000 

0 

5000 

5010 

10 

1I50 

4000 

4010 

10 

3000 

3030 

30 

2000 

2030 

30 

1000 

1040 

40 

500 

540 

40 

0 

40 

40 

l50 

-500 

.450 

50 

Notet  This  calibration  was  aceos^lisbed  on  ths  Differential  and 


Absolute  nwsswe  Muoneter  Muiufaotared  by  the  Ideal  Laboratory  and  Supply 
Conqpany  (see  photo  next  page}* 
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Plgur*  18  AltiMter  Calibration  Manoattar 
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Appendix  D 

Eatlmnted  Costa  Aitiwteg  Coararaion 

1*  Solar  oellst  premountad  and  wired  .  «••••  $12*00 

2*  Conrersion  gears  and  plate . 7*00 

3*  Special  adjustable*  foeusable*  instnotent  lights*  •  •  10*00 

4*  Encoding  disc  ***********  .  *50 

5*  Plastic  indicator  hand  *** .  *50 

6*  Glass  dial  face  *******************  *25 

7*  Case  electrical  connector  **** . •*•  1*75 

8*  Labor*  8  hours  at  $3*00/hr*  ************  16*00 

9*  Total  .  $50.00 
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Appendix  1 

Logie  Cirenit  SneeifientiOM 


Unit  Number 
1004 


1101 


1201 


1301 


Aeteble  MiltiTibretor  (Pulee  Oeneretor) 
e*  Beeie  Circuit t  MoltiTibretor 
b*  Inputt  None 

e«  Outputs  0.1  mioroeeeond  pulaea  with  ^10  to  ^2 
Tolta  aoplitude.  frequeney  Tarieble  from  15  to 
750  ko. 

Biateble  Mtltivibretor  (Flip  nop) 
a*  Beeie  Cirouits  Eeeles* Jordan 
b«  Inputai  Zero*  One»  Coovlementi  0.1  mioroaeeond 
at  a  minimum  of  12  Tolta* 
e«  Outputet  Zero*  Onet  -23  or  sero  Tolte* 

Coinoidenoe  Oeteetor  (*and*  gate) 
a*  Baaie  Circuit t  Tube  Gate 

b*  laputat  1«  0.1  mieroeeeood  pulaea  at  minimum 

Toltage  of  13  Tolte  on  grid  nundwr  1* 
2*  Zero  Tolta  or  an  open  circuit  on 
grid  number  3  ellowa  output.  MLnua 
8  Tolta  or  more  on  grid  number  3 
inhibita  the  output. 

Pulae  Delay 

a.  Baaie  Circuits  Monoatable  NultiTibrator 
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1302 


1402 


;501 
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b*  Znputt  Bositire  0.1  mioroaaeond  pulaea  at  ^10  to 
♦32  volta. 

0.  Output!  1.  0.1  Bieroaaeoiil  pulaaa  at  x^O  to 
«32  Tolta. 

2.  Delay  Toltage.  30  volt  pulaa*  Riaa 
time  0.05  mleroaeeonda. 

d.  Delay  Raoget  One  to  60,000  mieroaeeonda. 

Pulaa  Delay 

a.  Baaie  Circuit:  Tapped  Delay  Line 

b.  Input:  0.1  mieroeeeond  pulaea  with  13  volt  miniaami 

aisplitude. 

c.  Output:  0.1  mieroeeeond  to  1.9  mieroeeeond  atapa. 
Channel  Selector  (4  Coineidanee  Deteetora) 

Speeifieationa:  Same  aa  unit  1201  except  that  4  outputa 
are  aTailable  with  amplitude  oontrola. 

Z\ilae  Qatar  (MoltlTlbrator  and  Coineldenoe  Gate) 
Rpeeifioationa:  A  eombination  of  unite  130I  and 
1201 {  howerer,  no  pulaa  output  la  arallable  freai  the 
fflultiTlbrator.  The  gating  pulaa  ia  eontinuoualy  adjuatable 
from  0.3  mieroaeeonda  to  mieroaeeonda. 

Mixer  ('or*  gate) 

a.  Baaie  Cireuit:  Cryatal  Diodea 

b.  Input:  0.1  aiicroaeeond  pulaea  at  fire  aeparate 
eonnaetora. 

e.  Output:  0.1  mieroeeeond  pulaea  with  maximom 
attenuation  of  one  db. 
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••  BmIo  Circuit t  I>*C  Coupled  ioplifier 
b*  Ii^putet  Zero  or  -3  to  >23  volte* 

0*  Output!  Zero  volte  when  the  input  is  -3  to 
•23  volts  or  no  signel  is  spplied*  -23  volts 
with  zero  volts  input* 

3003  Negative  Current  Driver 

s*  Bssie  Circuits  Csscode  ss^lifiers 
b*  Inputs!  15  to  30  volt  0*1  microsecond  pulse* 
c*  Outputs  One  sapere  pulses  with  vsrisble  rise 
time  end  dsirstion* 

Notes  Circuit  sohemstics  corresponding  to  the  above  units  are  available 
from  the  Burrou^is  Corporation* 
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Janies  A*  Sohmitandorf  vas  born  on  28  MoTembar  1933  iA  Baldwin* 
Kanaasi  the  son  of  George  Dewey  Scbnitendorf  and  (hraoe  Marie  (Keller) 
Schmltendorf.  Upon  graduation  from  high  school  he  enrolled  in  the 
UnlTersity  of  Kansas  in  the  fall  of  195l«  In  June  193^  recelred  his 
Bachelor  of  Science  Degree  in  Electrical  Engineering  and  his  reserre 
conmission  as  a  Lieutenant  in  the  USAF* 

After  graduation  he  worked  for  McDonnell  Aircraft  Corporation  in 
St.  Louis  as  an  engineer  in  the  systems  dlTision.  In  August  193^  be 
entered  the  serrice  at  San  Antonio  for  pre-flight  orientation.  In 
Morember  1937  he  graduated  from  basic  Jet  pilot  training  school  at  Webb 
AIB.  Texas.  For  three  years  prior  to  his  coaling  to  iilTS  he  was  assigned 
to  the  4630th  Combat  Support  Squadron  at  Richards-Gebaur  AFB.  Masouri 
idiere  he  flew  C-123  and  C-34  aircraft  for  the  Air  Defense  Conaand. 

While  at  Richards-Gebaur  he  spent  some  tiam  as  operations  officer  of 
the  Base  Aero  Club. 

He  has  3.000  hours  of  flying  experience  in  sereral  types  of  aircraft 
and  is  a  graduate  of  the  Air  fbrce  Instruamnt  Pilot  Instructor  School  at 
Waco.  Texas.  He  is  presently  an  Instrument  Flight  Examiner  at  Wri^t- 
Patterson  AFB.  Ohio. 
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